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(57) A method of correcting for nr)alfunctlon(ng ink 

ajectkyi elements in a printing system comprieing tiie ^ 
step of (a) obtaining a atandard printmasK: (b) assigning 
to at feast two Ink e)ectlon elements a piobability that 
each of such at least two ink ejection element will work 
properly; (d) attempting to modify the standard prinl- 
mask by replacing ink ejection elements having a certain 
probability to work properly vyith different ink ejection el- 
ements frying a bigger probability to work properly, to 
create a modified prlntma$k. 
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OesoriptiM 



Field of the irtventien 

[0001] The present Invention relates to Inkjet printing systems, and particularly although nol exclusively to methcxj 
of printing which compensate for malfunctioning inkjet nozzles. 



Background to the In ventlon 



10 [0002] Inkjet printing mechanisms may be used In a variety of different products, such as plotters, facsimile machines 
and ink}ei printers, collectively called in the foltowing as primers, to print Images using a cotorant. referred to generally 
herein as "Ink." These* inkjel printing" mechanisms use inkjel cartridges, often called 'pens," to shoot drops of'ink onto 
a page or sheet o1 print media. Some InkJet print mechanisms carry an ink cartridge with an entire supply of ink back 
and forth across the sheet. Olher Inkjet print mechanisms, known as "off-axis" systems, propel only a small ink supply 

f £ with the printhead carriage across the printzone, and store the main ink supply in a stationary resen/oir, which is located 
'otf-axla'* from the path of printhead travel. Typically, a flexible conduit or tubing Is used to convey the Ink from the off- 
axis main reservoir to the printhead canridge. In multi-color cartridges, several prmtheads and reservoirs are combined 
into a single unit, with each resen^olr/printhead comblnat»n for a given color also being referred to herein as a *pen.' 
[0003] Each pen has a printhead that includes very small nozzles through which the ink drops are fired. The particular 

^0 ink ejection mechanism within the printhead may take on a vcirieiy of different forms known to those skilled In the art. 
such as those using piezoelectric or thermal printhead technology. For instance, two earlier thermal ink ejection mech- 
anisms are shown in U.S. Patent Nos. 5»27d.564 and 4.683,481. both assigned to the present assignee. Hewlett- 
Packard Company. In a thennal system, a barrier layer containing Ink channels and vaporisation chambers la located 
between a nozzle orifice plate and a substrata layer. This substrate layer typically contains linear arraya of heater 

26 elements, such as resistors, which arc cnorglzcd to heat ink within the vaporization chambers. Upon heating, an ink 
droplet Is ejected frgm a nozzle associated wrth the energized resistor 

[0004] To print an Image, the printhead is scanned back and forth across a prlntzone above the sheet, with the pen 
shooting drops of ink as it moves. By selectively energizing the resistors as the printhead nrtoves across the sheet, the 
ink Is expelled in a pattem on the print madia to form a desired Image (e.g., picture, chart or text). The nozzles are 

30 typicaHy arranged in one or more linear an^ays. It more than one, the two linear arrays are k>cated side-by-skie on the 
printhead. parallel to one another, and subsiantialfy perpendicular to the scanning dlrectton. Thus, the length ol the 
nozzle arrays defines a print swath or band. That is, if all the nozzles of one array were continually fired as the printhead 
made one complete traverse through the prlntzone. a band or swath of Ink would appear on the sheet. The height of 
this band is known as the "swath height* of the pen, the maximum pattern of ink which can be laid down in a sinqle pass, 

5S [0005] The onfrce plate of the printhead. tends to pick up contaminants, such as paper dust, and the like, during the 
printing process. Such contaminants adhere to the orifice plate either because of the presence of ink on the printhead, 
or because of electrostatic charges. In addition, excess dried ink can accumulate around the printhead. The accumu- 
\ai\oo of either ink or other contaminants can impair the quality of the output by interfering with the proper application 
of Ink to the printing medium. In addition, it cotour pens are used, each printhead may have different nozzles which 

40 each expel different cotours. If ink accumulates on the orifice piate. mixhg of different coloured inks (cross-contami- 
nation) can result during use. If colours are mrxed on the orifice plate, the quality of the resutting printed product can 
be affected. For these reasons, It is desirable to clear the printhead orifice plate of such contaminants and Ink on a 
routine basis to prevent the build up thereof. Furthermore, the nozzles of an ink-jet printer can ctog* particularly if the 
pens are left uncapped m an office environment. 

4S [0006] In an on-axls pen, life goal is on the order of 40 limes greater than a conventional non off-axis system, e.g. 
the printhead cartridges available in DesignJet® 7S0C color printers, produced by Hewlen-Packan:! Company, of Palo 
Alto, California, the present assignee. Living k)nger and firing more drops of ink means that there are greater probability 
that lha printer print quality degrade and/or deviate along life. This requires nnding better ways to keep functional and 
stable our printheads during long periods and large volumes of ink fired. 

[0007] In US 5.455.608 it is described how a printer may adjusts servicing ol the pen based on the result of the 
current drop detection step only. Before starting a plot these printers perform a drop detection on all the pens to detect 
if there are any non-firing nozzles ('nozzles out'). If a single nozzle out is detected in a pen. the printer triggers a so 
called automatic recovery servicing process for servicing the malfunctioning pen to recover the malfunctioning nozzle 

ss [0008] This process includes a sequence of 3 nozzle servk^ing or clearing procedures of increasing severity which 
are performed in sequence so long as some of the nozzles of the pHnthead fail to fire ink dr^s pursuant %q ink firing 
pulses provided to the printhead or until all of the procedures have been performed. 

[0000] At the end of each of these procedures a new drop detection is performed on the pen, to verity if the pen is 
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fully recovered. If. according to the current result of the drop detection, it is not, the subsequent servic.ng procedure 
\& performed. If. flt the end of Ihe 3 functions, the pen Is slilf not fully recovered (I.e. at least one nozzles Is siill oui) the 
user is reported to replace (he pen or to disable the nozzle check. Ono big drawback of this system when Implemenled. 
e,g. as in DesignJet© 760 C printers. i$ that If the printer is not at?ls to fully rocovar the falling nozzles or there are 

s sorne unstable nozzles, the system will remain in this recovery sen/icing mode until the decease of the printhead. being 
forced, by the permanent nozzle out. to run this process at the beginning ol each plot. This usually leads to either an 
unacceptable loss of throughput and printer productivity (because the printer slops and waits for an answer, the auto- 
matic recovery process is very lime consuming, and causes a big loss of Ink particularly when running the priming 
functions) or to excessive printhead roplaca or continue messages that users disable nozzle check via front panel, 

10 causing throughput lo$8a$. 

[0010] II Is known to use error hiding to improve the print quality. In EP patent application no. 98301559.5 it is de- 
scribsd a technique which' us«*apatt«m based nozzle health detection technque. based on a LEO line sensor mounted 
on Iho pon carriage which reads a printed paltam to find misdirected or missing dots corresponding to nozzles out, 
weak and some kinds of misdirection. 

75 [0011] This technique is executed each certain number of pbtsand apply error hiding on the failing nozzles. However, 
this approach has some limitations: 

• It is slow and this limits the number of times that It Is possible to perform without heavily affecting throughput and 
printer productivity. This means that the result of a dingle detection will be used for several plots with the risk of 

20 prinlhead nozzle health changing over time. 

• Only the most recent detection is used, making impossible adjusting the error hiding strategy to printhead nozzle 
health dynamic variations, such as Internal contaminants moving inside the nozzles, air accumulation, nozzle plate 
dirtiness, head crashes (printhead touching media while printing), external contaminants moving on the nozzle 
plate, or the like. 

m Eadi cycle of the technique implies a certain waste of media or a media change since cannot succosofully work 
on all media. 



[0012] With referdnco to the pros^nt applicatk)n with the term plot It Is Identified any kind arxj size of printed output 
of the printer, seen by the printer as a single job. The plot could then identifies a CDA Image or a graphic image like a 
JO photo or any other kind of print. 

[001 3] In order to maintain the quality of the printed output of the printer device it is important to improve the certainty 
that each inatnjction to the printhead to produce an ink drop from a nozzle of the plurality of nozzles does will produce 
such an ink drop. 



3* Summarv of the invention 

[0014] The specific embodiments and methods accordong to the present invention aim to improve error hiding tech- 
nique to decrease the time required to ascertain which nozzles needs to be hidden and by means of which others and 
thereby Improving printing quality. 

40 [001 5] According to an aspect of the present invention there is provided a method of correcting for malfunctbning 
ink ejection elements in a printing system comprising the step of (a) obtaining a standard printmask; (b) assigning to 
at leaet two ink ejection elements a probability that each of such at least two ink election element vyill work property: 
(d) attempting to modify the standard printmask by replacing ink ejection elementd having a certain probability to work 
properly with d liferent ink ejection elements having a bigger protiability to work property, to create a modified printmask. 

45 p)0l6] ~ Assigning a probability ot working properly to a nozzle is panicutarJy advantageous since provide a wider 
range of replacement possibilities which rr\ay result in increase accuracy. For instance if no22le A failed during the 
current test and nozzle B was determined as working, according to prior art systems nozzle B would have been con- 
sidered a possible replacement for nozzle A. According to the present invention, If the failing nozzle A hes a higher 
probability to work (e.g. It has always worked but the more recent lime) than the working nozzle B (e.g it has never 

so worked but the more recent time), the present replacement strategy would suggest exactly the opposite as the prior 
art and. according to experiments run by the Applicant, will result in a bener choice. 

' (001 7) Preferably, the step (b) comprises the stepa (d) of performing a drop detection to check if any of the Ink ejection 
Clements are malfunctioning and (o) of storing the result of the more recent drop detection operation, together with the 
results of the prevbus drop detections to keep a history of the health status of at least a first ink ejection element, 
wherein sakd probability assigned to each of said at least two ink ejection elements Is based on its corresponding history 
[0018] Specific methods Stccording to tha prosont invention, recognize that by using a history of the nozzle health it 
is possible to increase the accuracy of the probability that a certain nozzle will work. 

[0016] Preferably, the probability of an ink ejection element to work properly is obtained by apptying the following 
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[0020] b being a weighting factor; Onozz[i] being the content of the history for said ink ejection element, a$ a series 
Of historical valuer representtng the health of the ink ejection' elemOTt; and n being the number of historical values to 
be kept Into account for saki ink ejection element. 

[0021] In a preferred embodiment, the weighting factor b is selected in a range of values comprises between 1 and 
'5 2, preferably n is comprised between 15 and 4 and more preferably n is equal to 7 and b is comprised between 1.4 
and 1.6. 

[0022] Typically, in the history, corresponding to said ink ejection element^ it is stored a 1 when the ink ejection 
element is detected as working, and a 0 when the Ink ejactfon element is dGiecied a& malfunctioning. 
[0023] More preferably, the step (c) further comprtsee the step (f) modify the standard printmask by replacing ink 
^ ejection elements having a certain probability to work properly with different ink ejectbn elements having a bigger 
probability to work property, to create a plurality of modifted printmask and (g) selecting the printmask having a higher 
pfobabfBty scora to rapiace the standard printmask. 

[0024] In a further preferred embodiment the higher probability score is given by the sum of the scores of all the ink 
ejection elements used in the printmask. 

Brief DoecrlDtion of the Drawings 

[0025] For a better understanding of the tnventbn and to show how the same may be carried into affect, there will 
now be described by way of example only, specific embodiments, methods and processes according to the present 
^ invention with reference to the accompanying drawings in which: 

Figure 1 is a perspective view of one form of an Inkjet printing mechanfem. here an Inkjet printer, including one 
form of an Inkjet printhead cleaner sen/tee stalton system of the present Invention, $hown here to service a est of 
Inkjet prinlheads; 

3S Figure 2 is an enlarged perspective view of the service station system of Figure 1 ; 

Figures 3A-3D are diagrams showing how the probability of finding a nozzle not working vary according to its 
hearth history and to 4 different weighting basis; 

Figure 4 illustrates an Improved drop detection device according to a specific implennentation of the present in- 
ventnn; 

40 Figure 5 Illustrates schematlcalty an overview of the functional bkxsks of the improved drop detection according to 

a specific method of the present Inventlrai; 

Figure 6 illustrates, by way of example, an output signal of a drop detection device according to a spec'iflc imple- 
mentation of the present invention prior to analogue to digital conversk>n; 

Figure 7 illustrates graphically a region which falls within tne Orop detection reliability speclficatkm (hatched region); 
<5 the drop detection peak to peak signal (thfck line); and the noise peak to peak signal (thin line) according to a 

epectf Ic Implementation of the present invention; 

Figure 8 illustrates schematiealiy generalized process steps involved in drop detection performed before printing 
a page according to a specific method of the preseni invention; 

Figure 9 illustrates schematically in more detail steps involved in drop detection according to a specific method of 
s» the present Invention; and 

FigurelO tlluatrates schematically In more detail further steps involved in drop detection according to a specific 
mathod of the present invention. 

Figure 1 1 . iiluetrates schematically stops Involved in printhcad service according to a specific method of the present 
Invention; 

W Figures 12-14 Illustrate In more detail steps Involved in printhead service according to a speciric method of the 

present invent ton; 

Figure 15 shows graphically two ttireshokJ curves for two recursive sewkjes for printhead to determinate the re- 
covery effeottveness of the previous recovery pass; 
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Figures 1 B and 1 7 show iha number of nozzles out as detected according to a know technique and according to 
the a spscific method of the present invention: and 

Figure 18 illustrates schematically steps involved in nozzles error hiding according to a specific method ol the 
present invention. 

5 

Detailed Descr^Dtlon of the Best Mode for Carrying Out the [nvontion 

[0026] There will novv be described by way of example the best mode contemplated by the Inventors for carrying out 
the invention. In the following description numerous specific details are set forth in order to provide a thorough under- 
go standing of the present invention. It will be apparent however, to ono skilled In the art, that tho present Invention may 
be practiced without limitation to these specific details. In other instances, well known methods and structures have 
not been deecribed-in delai^so as r>of to unnecessarily ob^cura th& present invention. 

[0027] Specific methods according to the present invention described herein are aimed at printer devices having a 
printhead comprising a plurality Of nozzles, each nozzle of the plurality of nozzles being configured to spray a stream 
15 Qf droplets of ink. Printing to a print meditrn is performed by moving the printhead into mutually orthogonal directions 
in between print operations as described herein before. However, il witi be understood by ihose skilled in the art that 
general methods dieolosed and Identified in the claims herein, are not limited to primer devices having a plurality of 
nozzios or printer devices with moving print heads. 

[0028] Figure 1 illustrates a first embodiment of an Inkjet printing mechanism, here shown as an inkjet printer 20, 

zo constructed In accordance with the present invention, which may be used for printing conventional engirxeertng and 
architectural drawings, as well as high quality poster-sized images, and the like, in an Industflal, office, home or other 
environment. A variety of Inkjet printing mechanisms are commercially available. For instance, some of the printing 
mechanisms that may embody the present Invention include desk top printafs. portable printing units, copiers, cameras, 
video printers,, and facsimile machines, to name a few. For convenience the concepts of the present invention eirc 

^ illustrated in the environment of an Inkjet printer 20. 

[0029] While K is apparent that the printer components may vary from rT>odel to model, the typical inkjet printer 20 
includes a chassis 22 surrounded by a housing or casing enclosure 24. typically of a plastic material, together forming 
a print assembly portion 26 of the printer 20. While it is apparent that the print assembly portion 28 may be supported 
by a desk or tablelop. it Is preferred to support the print assembly portion 26 with a pair of leg assemblies 28. The 

30 printer 20 also has a printer controller, illustrated schematically as a microprocessor that receives instructions from 
a host device, typically a computer, such as a personal computer or a computer aided drafting (CAD) computer system 
(not shown). The printer controller 30 rriay also operate in response to user inputs provided through a key pad and 
status display portion 32, located on the exterior of the casing 24. A monitor coupled to the computer host may also 
be used to display visual information to an operator, such as the printer status or a particular program being run on the 

35 host computer. Personal and drafting computers, their Input devices, such as a keyboard andtor a mouse device, and 
monitors are all well known to those skilled In the art. 

[0030] A conventkunal print media handling system (not shown) may be used to advance a continuous sheet of print 
media 34 from a roll through a printzone 35. The print madia may be any type of suitable sheet material, such as paper, 
poster board/fabric, transparencies, mylar, and the (ike. but for convenience, the illustrated embodiment Is described 

^ using paper as the print medium. A carriage guide rod 36 is mounted to the chassis 22 to define a scanning axis 38, 
with the guide rod 36 sKdeably supporting an inkjet carriage 40 for travel back and forth, reciprocally, across the print- 
zone 35. A conventbnat carriage drive motor (not shown) may be used to propel the carriage 40 in response to a 
control signal reoeived from the controller 30. To provide carriage positional feedback information to controller 33. a 
conventional metallic encoder strip (not shown) may be extended along the length of the printzone 35 and over the 

45 servictng region 42. A conventional optical encoder reader may be mounted oh the back surface of printhead carriage 
40 to read positional information provided by the encoder strip, tor example, as described in U.S. Patent No. 5,276,g70. 
also assigned to Hewlett-Packard Company, the assignee oi the present inventksn. TYie manner of providing positional 
feedback information via the encoder strip reader, may also be accomplished in a variety ol ways known to those skilled 
in the art. Upon completion of printing an image, the carriage 40 may be used to drag a cutting mechanism across the 

so final trailing portion of the media to sever the innage from the remainder of the roir34. Suitable cutter mechanisms are 
commercially available in OesignJeVB^esoc and 750C color printers. Of course, sheet severing n^y be accomplished 
in a variety of other ways known to those skitted In the art. Moreover, the Illustrated inkjet printing nr^echanism may also 
be used for printing imagt^s an pre-Qut sheets^ rather than on media supplied in a roll 34. 

[0031] In the printzone 35. the media sheet receives ink from an inkjet cartridge, such as a black ink cartridge 50 
and three monochrome color ink cartrkiges 52. 54 and 56. shown in greater detail in FIG. 2. The cartridges 50-56 are 
also often eailad *pen&' lay those in the art. The black Ink pen 50 is illustrated herein as containing a pigment-based 
Ink. For the purposes of iJlust/ation, color pens 52. 54. and 56 are described as each containing a dyo^sed ink ol the 
colors yellow, magenta and cyan* respectively, although it is apparent that the color pens 52-56 may also contain 
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pigment-based inks rn some implementalions. It is apparent that other types of inks may also be used in the pens 
50-56. such as pflraffin-br^sed inks, as welt as hybrid or connposite inks having both dye and pigment characteristics. 
The illustrated printer 20 uses an "off-axis' ink delivery system, having main stationary resen/oirs (not shown) for each 
ink (black, cyan, magenta, yeltow) located in an ink supply region 58. In this off-axis system, the pens 50-56 may be 
5 replenished by ink conveyed through a conventional flexible tubing system (not shown) from tho stationary main res- 
ervoirs, so oniy a smail ink supply is propelled by carriage 40 across the printzone 35 which is kx^ated 'off-axis* from 
the path of printhead travel. Ab used herein, the lerm 'pen" or "cartridge" may also refer to replaceable printhead 
cartfldgfis whero $ach pen has a resen/oir that carrlos the entire ink supply as the printhead reciprocates over the 
printzone. 

TO [003^] The illustrated pens 50, 52. 54 and 56 have printheads 60. 62. 64 and 66, respectively. whk;h selectively eject 
ink to from an image on a sheet of media 34 in the printzone 35. These inkjet printheads 60-66 have a large print swath, 
for instance >at)out 20 to 25 millimeters (at>out one inch) wide or wider. although the printhead maintenance concepts 
describsd herein may also be applied to smaller inkjet printheads. The concepts disclosed herein for cleaning the 
printheads 60'66 apply equally to the totally replaceable inicjet canrkJges. as well as to the illustrated off-axis semi- 

is pernnanent or permanent printheads, although tha greatest benefits of the iilustratsd system may be raali2ed ki an off- 
axis system where extended printhead life Is particularly desirabto. 

£0033] The printheads 60, 62, 64 and 66 each have an orifice plate with a plurality of nozzles formed therethrough 
in a manner well known to those skilled in the ait. The nozzles of each printhead 60h66 are typically formed in at least 
one, but typically two linear arrays along the orifice plate. Thus, the term "linear" as used herein may be hlerpreted 

20 as 'nearly linear'' or substanlially linear and may include rxuzla arrangements slightty offset from one another, for 
example, in a zigzag arrangement. Each linear array b typically aligned in a longitudinal directkxi substantially pei- 
pendicular to Ihe scanning axis 38, with the length of each array determining the maximum image swath for a single 
pass of the printhead. The illustrated printheads 60-66 are thermal InkJet printheads, although other types of printheads 
may be uaed, such as piezoefectric printheads. The thermal printheads 60-66 typically include a plurality of resbtors 

25 which are associated with the nozzles. Upon energizing a selected resistor a bubble of gas is formed which ejects a 
droplet of ink from the nozzle and onto a sheet of paper in the printzone 35 under the nozzle. The printhead resistors 
are selectively energized rn response to firing command control signals delivered from the controller 30 to the printhead 
carriage 40. 

[0034] Figure 2 shows the carriage 40 positioned with the pens 50-56 ready to be sen/iced by a replaceable printhead 
do cleaner sen^e station system 70, constructed rn accordance with the present invention. The service statk^n 70 includes 
a translationally moveable pallet 72, which is selectively driven by nnotor 74 through a rack and pinion gear adeembly 
75 iri a foPMard direction 76 and in a reanward direction 78 in rodponse to a drive signal received from the controller 
30. The service station 70 Includes four replaceable inkjet printhead cleaner units 80« 82, B4 and B6, constn;ctsd in 
accordance with the present Invention for senricing the respective printheads 50, 52, 54 and 56. Each of the cleaner 
-35 units 80-86 include an installation and removal handle 88. which may be gripped by an operator when installing the 
cleaner units 60-86 in their respective chambers or stalls 90. 92, 94. and the 96 defined by the sen/ice station pallet 
72. Following removal. Ihe cleaning units 80-B6 are typically disposed of and replaced with a fresh unit, so the units 
80«66 nnay also be referred to as 'disposable cleaning units,' although it may be preferable to return the spent units 
to a recycling centre for ref uri^ishing. To aid an operator in instairmg the correct cleaner unit 80-86 In the associated 
^ Stat) 90-96, the pallet 72 may include indicia, such as a "B" nriarking 97 corresponding to the black pen 50, with the 
black printhead cleaner unit 80 Including other indicia, such a$ a 'B" marking 98, which may be matched with marking 
97 by an operator lo assure proper installation. 

[0035] The cleaner unit 80-86 also includes a spittoon chamber 108. For the color cleaner units 82-85 the spinoon 
108 is filied with an ink absorber 124. preferably of a foam matenal. although a variety of gtlner absorbing materials 
^ may also be used. The absorber n 24 receives ink spit from the color printheads 62-66. and the hold this ink while the 
volatlles or liquW components evaporate, leaving the solid components of the ink trapped within the chambers of the 
loam material. The spittoon 108 of tne black cleaner unit 80 is supplied as an empty chamber, which then fills with the 
tar-like black ink residue over the life of the cleaner unit. 

[0036] The cleaner unit 80-86 includes a dual bladed wiper assembly which has two wiper blades 1 26 and 1 28. which 
are preferably constructed with rounded exterior wiping edges, and an angular interior wiping edge, as described in 
the Hewlett-Packard Company's U.S. Patent No. 5,614,930.. Preferably, csach ol the wiper blades 126, 128 is con- 
structed of a flexible, resilient, non-abrasive, elastomeric material, such as nitrile rubber, or more preferably, ethylene 
polypropylono diene monomer (EPDM). or other comparable material© known In the art. For wipers a suitable durom- 
etsr. that is, the relative hardness of the elastomer, may be selected from the range of 35-80 on the Shore A scale, or 
ss more preferably within the range of 60-80. or even more preferably at a durometer of 70 W- s. which is a standard 
manufacturing tolerance. 

[0037] Por assembling the black cleaner unit 80. which is used to service the pigment based Ink within the black pen 
50, an ink solvent charYiber (not shown) recalvas an Ink solvent, wvhich is held within a porous solvent reservoir body 
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or block installed wi^in the solvent chamber. Praferably. the reservoir block is made o1 a porous material, for instance. 
fin open-call thermoset plastic such as a polyurethane foam, a sintered polyethylene, or other functionally similar ma- 
terials known to those skilled in thwart. The Inkjet ink solvent ts preferably a hygroscopic material that absorbs water 
out of the air becauso water is a good solvent for the illustrated inks. Suitable hygroscopic solvent materials include 

s polyethylene glycol ("PEG'y Hpponic-ethylene glycol ("LEG"), diethylene glycol ("DEG"). glycerin or other materials 
known to those skilled in the art as having similar properties. These hygroscopic materials are liquid or gelatinous 
compounds that will not readily dry out during extended periods of time because they have en almost z^ro vapor 
pressure. For the purposes of itiustralion, the resewoir block is soaked with the preferred ink solvent. PEG. 
[0038] To deliver the solvent from the reservoir, the black cleaner unit 60 includes a solvent applicator or member 

10 1 35. which underlies the resen/oir bkx:k. 

[0039} The cleaner unit 80-86 also includes a cap retainer member 1 75 which can move In the Z axis direction, while 
alsc-tjocng abte ^atitt^twoorrthc^ and Y axosv which aids in sealing the printheads 60-66. The retainer 1 75 also has 
an upper surface which may define a series of channels or troughs, to act as a vent path to prevent depriming the 
printheads 60-66 upon sealing, for Instance as described in the allowed U.S. Patent AppUcation Serial No. 08/556,221 

IS currently assigned to the present assignee, the Hewlett-Packard Company. 

[0040] The cleaner unit 80-66 also includes a snout wiper 1 90 for cleaning a rean/vardfy facing vertical wall portion 
of the printheads 60-66. Which leads up to electrical interconnect portion of pens 50-56. The snout wiper 1 90 includes 
a txase portion which is received within a snout wiper mounting groove 1 94 defined by the unit cover. While the snout 
wiper 190 may have combined rounded and angular wiping edges as described above for wiper blades 126 and 128, 

so blunt rectangular wiping edges are preferred since Ihere is no need for the snout wiper to extract ink from the nozzles. 
The unit cover also includes a solvent applicator hood 195. which shields the extreme end of the solvent applicator 
1 35 and the a portion of the retainer member 175 when assembled. 

[0041] Referring to Figure 4 herein, there is illustrated schematically a generic printhead and improved drop detection 
device accordong to specific embodiments of the present invention. A printhead 400, which referenced any of printheads 

2$ 60-66, comprises an assembly of printer nozzles 410. Preferably, the printhead 400 is comprised of two rows of printer 
nozzles 410. each row containing 524 printer nozzles. According to a specific method of the present invention, the 
printdr nozzles in a first row are designated by odd numbers and the printer nozzles in a second row are designated 
by aven numbers. Preferably, a distance 490 between corresponding nozzles of the first and second raws is of the 
order 4 millimeters and a distance between adjacent printer nozzles 495 within a same row is 2/600 inches. There is 

30 an offset of 1/600 inches between immediately adjacent nozzles in the first and second rows of the printhead yielding 
a printed resolution of 600 dots per inch. 

[0042] The printhead 400 is configured, upon receiving an instruction from the printer, to spray or eject a single 
droplet of ink 480 from single nozzle o1 the plurality of nozzles. 

[0043] Each nozzle 410 of the plurality of nozzles comprising printhead 400 are. according to the best mode presented 
35 herein, configurable to release a sequence ol ink dr^Iets in response to an Instruction from the printer device. In 
addition to the printhead 400, there is also included an ink droplet detection maans comprising a hotising 460 containing 
an high intens^ infra-red light emitting diode; a detector housing 460 oontafnlng a photo diode detector and a elongate, 
substantially straight rigid member 470. The emitter housing 460. bar 470 and detector housing 460 all comprise a 
rigid locating means configured to actively locate the high intensity Infra-red light emitting dkxle with respect to the 
^0 photo diode detector. 

[0044] The printhead 400 and the rigid locating means 460. 470 and 450 are orientated with respect to each other 
such that a path traced by an ink droplet 480 sprayed from a nozzle of the plurality of nozzles comprising the printhead 
400 passes t:^tween emitter housing 460 and detector housing 450. 

[0045] The high intensity irrfra-red light emiiiing diods cdmalned within emitter housing 460 is encapsulated within 
4S a transparent plastics material casing. The traneparent plasties material casing is configured ao as to collimate the 
light emined by the light emitting diode into a light beam. According to the best mode described herein, the colllmated 
light beam emitted by the high Intensity infra-red LED contained within emitter housing 460 exits the emitter housing 
via aperture 461 . The coltimated light beam from emitter housing 460 Is admitted into detector housing 450 Ijy way of 
aperture 451. The fight beam admitted into detector housing 450 illuminates the photo diode detector contained within 
so detector housing 450. An ink droplet 480 sprayed from a nozde 410 entering the colllmated light beam extending 
between apertures 461 and 451 causes a decrease In tb© amount of light entering aperture 451 and hence striking 
the photo diode contained with detector housing 450. Ink droplets are only detected if they pass through an effective 
dotoctktn zone in tho coHimaled light beam which has a narrower width than a width of the collimalod light beam. 
Preferably, the wtoth of the effective detectk)n zone 462 Is 2 millimeters. A width 463 of the eminer housing eperture 
55 461 and a same width of the detector housing aperture 451 are preferably 1 .7 millimeters. Preferably, a main length 
of the coflinr^ated light beam lies transverse to and substanttally perpendicular to the firing direction of the noules of 
the printhead. 

[0046] Preferably, Ink droplets are injected from the nozzles with an (nirial speed in the range of 1 0 to 16 meters per 
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second. Due to dff^cts of air resistance the initial speed o1 the ink droplets leaving the nozzles is progressively reduced 
tho further epjch ink droplot Ira vols from ihe printhead. A sequence of four fnk droplets fired from a nozzle with the 
droplets having an inilidi speed of 16 meters per second and with a delay between the firing of each droplet of B3 ms. 
as described herein before. woukJ occupy a total distance from the first ink droplet to the fourth ink droplet of approx- 

s imately 4inm, innmediately after the fourth droplet is ejected from the no2Zle. however, if the distance between the fir^i 
Ink droplet and Ihe fourth Ink droplet of a sequence of ink droplets fired from a nozzte is greater than the width of the 
effective detection zone in the colllmated light beam then some droplets may remain undetected. A consequence of 
the progressive slowing, due to air resistance, of a sequence of ink droplete fired from a nozzle is that the distance 
between each droplet of the sequence of droplets decreases. 

10 [0047] In order to maximise the probability of detecting each droplet comprising the sequence of droplets fired from 
a nozzle it i$ important that the wklth of the effective detection zone is greater than the corresponding distance between 
the-first and last droplete as the droplets pass through the effective detection zone. The distance between the fir^t and 
last droplets of the sequence of droplets in the effective detection zone is determined by parameters including the 
foilowing: 

IB 

* the initial ejection speed of ink droplets from a nozzle in the printhead: and 

• the distance from d nozzle output of a printhead and the effective detectnn zone. 

[0046] For a given initial ejection speed of droplets leaving nozzles of the printfiead the closer the printhead is moved 

^ to the effective detection zone then the wkjer the effective detection zone must be. However, jncraaeing the width of 
the effective detectton zone necessitates a proportional increase in the time between firing ink droplet from adjacent 
nozzfes thereby increasing the total time required to pe/form drop detection according to the best mode presented 
herein. Conversely, if the distance between the printhead and the effective detection zone is too large then for a given 
width of the effective detection zone the distance between the first and last ink droplets of the sequence of ink droplets 

^ may be signif k^tly smaller than this given width and hence there is a possibility that a droplet fired from an adjacent 
nozzle might mistakenly be detected concun-ently with the eequenoo of ink droplets ejected from the nozzle currently 
being tested. Additionally, increasing the distance between the printhead end the effective detection zone again in- 
creases of lime duration between sequences of ink dropJets from adjacent nozzles of the printhead thereby increasing 
the total time required before drop detection. Hence it Is necessary to optimize the varkjus parameters, for example, 

30 effective detectkm zone width, and distance from the printhead to the effective detection zone, in order to minimize 
the probability of simultaneously detecting droplets ejected from neighboring nozzles of the printhead whilst also min- 
imizing the total time required to perform drop detection. TTie optimization may be perfomied experimentally 
[004d] Referring to Figure 5 herefn. there Is illustrated schematicalty the functional blocks comprising the improved 
drop detection according to the best mode presented herein. High intensity infra-red LED 540 emits light 500 which is 

95 absorbed by photo dkxJe detector 660. The output current Of the photo diode detector 560 Is amplified by amplifier 
510. Additionally, ampUffer 610 is oonfigured to increase a driver current to high intensity infra-red LED 540 in response 
to a decrease in an output current of the photo diode detector 560 and to decrease an input current Into high intensity 
infra*red LED 540 in response to an increase in the output current of photo diode detector 560 via signal path 516. An 
amplified output current of amplifier 510 is then input into an analogue to digital (A/D) converter 520. The A/D converter 
520 samples the amplified output of the photo diode. Preferably, the A/D converter 520 samples the amplified output 
current 64 limes wfth a sampling frequency of 40 kilohen^. The period between samples is, preferably, 25 jxs yielding 
a total sampling time of 1.6 milliseconds. The 64 samples of the output of the photo diode 560 are stored within a 
memory device in drop detection unit 530. 
- [0050] According to the best mode presented herein, drop detection unit 530 processes the sampled output current 

^ of the photo diode detector 560 to determine whether or not an ink droplet has crossed the collimated tight beam 
between the high intensity infra-red LED 540 and the photo diode detector 560. 

[0051] Analysis of the output current of the photodkade detector 560 enal^ies operating chdracteristlcs of the printer 
nozzles to be determined. 

[0052] Drop deteclkxi unit 530 may also be configured to store in a memory device an Indication of whether or not 

so a nozzle of the plurality of no2:zfes comprising printhead 400 is "good* car "bad". ■ 

[0059] According to the best mode presented herein, before printoig a page the printer device checks the nozzles 
comprrsing printhead 400 by perfomnfng a sequence of operations whk;h are known hereinafter as drop detection. 
Each nozzle within a row of nozzles in turn sprays a pre-determined sequence of ink droplets such that only one nozzle 
is spraying Ink droplets at any time. Each nozzle within the plurality of noz2ies comprising the printhead are uniquely 

ss identified by a number. Preferably, a first row of nozzles are rdentifiad by a contiguous series of odd numbers between 
1 and 523 and a second row of nozzles are idantfTied by a contiguous series of even numbers between 2 and 52d. 
During drop detection the odd numbered noszies within a row each sprays a pre^termined sequence of ink droplets 
and then the printhead 400 is moved to bring the second row of nozzles in line wilh tho effective deteclion 7one 462. 
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Each even numbered nozzld, in turn, dprays a same pr©-dotorminod sequence of ink droplets. 
[0054] In order to maximize Ihe signal output the photo diode detector the pra^atermmed sequence of Ink droplet© 
are timed such that all of the ink droplets within the pre-detemnlned sequence are within the collimated light beam at 
substantially the same moment. In order to produce a signal at the output of the photo diode detector 560 which is 

5 disttnguishable from the background noise there is a minimum volume ol ink which must be simulianeously occulting 
the collimated light beam. Preferably, the total volume of the ink droplets simultaneously located within the collimated 
light beam is in the range so to lOO pi. Hence, in a monotone pen of a printer which produces an ink droplet having a 
volume of 35 pi the pre-determined sequence comprises 2 ink droplets separated by a perkad of 83 ^s. The operation 
of spraying a pre-determined sequence of ink droplets is also known as "spltiing\ The time duration of 83 corre- 

^0 sponds to a spitting frequency ol 12 kilohertz. The spitting frequency Is also known herein as an ejection frequency. 
In printer devices configured to produce color prints, each ink droplet has a volume of ii picolitres and hence the 
number of droplets requlfodlie-simuftaneousty within ihecollimated light beam rsfor yielding a total ink droplet voJunf>o 
in the light beam of 44 picolitres. Preferably, the spiUing frequency tor ink droplets in printer devices configured to 
produce color prints is 12 kilohertz. It wril be understood by those skilled in the an that a general method disclosed 

IS herein may be applied to printer devices having different ink droplet volumes and spitting frequencies. 

[0055] Referring to Figure 6 herein there is illustrated graphically, by way of example, an outpirt ol A/D converter 
520 illustrating a signal 610 produced by a single droplet of the pre-determined sequence of mk droplets crossing the 
oolHmated light beam between the high intensity infra-red LED 540 and the photo diode 560. Refemng to Figure 6, at 
time 0 milliseconds (ms) a first droplet of a predetermined sequence of droplets is sprayed from a nozzle. After a delay 

^ of 0.2 ms to allow Ihe droplets to travel from the nozzle to the colfimated light beam. The A/D converter 520 commences 
sampling the amplified output of the photo diode detecior 560. The time delay of 0.2 ms Is also known as fly time. From 
approximately 0.4 to 0.6 ms the output of the photo diode detector 560 drops as the pre-determined sequence of ink 
droplets block light entering the photo diode. At approximately 0.65 ms the sampled output of the photo diode detector 
560. increases In response to an increased input current into high intensity intra-red LED 540 as a result of a decreased 

2S output current of photo diode dotcclor 560 as described herein before. The analogue output signal of amplilior 5l0 is 
sampled periodically at a sampling frequency in the range 30 kHz to 60 kHz, and preferably at 40 kHz by the analogue 
to digital converter 520. Drop detection unit 530 inputs a stream of 64 cfigital samples of variable amplitude representing 
the pulse signal 51 0 resulting from the passage of the Ink drop past the detector. Quantization of the amplitude element 
of the pu Ise signal m^y be implamented in A/D convertor 520, or in drop detector 530, to produce a measure of ampUtude 

30 of each sample of the 54 samples of the single pulse signal resulting from the ink drop. The pdak-to-peak signal 620 
corresponds to a dilterenc© between a highest number of counts sampled and a lowest number of counts sampled, 
where a count is a quantization unit of current or voltage of the detector output signal. Preferably^ the A/D convenor 
520 quantizes the current or voltage of the detector output signal into an 8-bit digital signal. Hence, according to the 
best mode presented herein, the currant or voltage of the detector output signal may be represented by a maximum 

W of 256 counts. 

[0056] A nozzle Is dotormined to be functioning correctly if. after spraying from tha nozzle one or a plurality of ink 
droplets in a predetermined sequence, the peak-to*peak signal level resulting from one or a plurality of ink droplets 
is greater than a threshold value. It is important to choose a threshold level which lies outside the range of the natural 
variability of the measured peak-to-peak amplitude variat»n of the detector output 620 and which also lies outside the 

40 range of the variability in the noise introduced into the system by, for example, the photo diode 560 and amplifier 51 0. 
[00S7] Referring to Figure 7 herein, there is illustrated graphically typk:al M) counts for peak-to-peak signals 730 
for the plurality.of nozzles comprising a printhead, an average noise level for noise introduced by. the photo diode, etc 
710 and a hatched region 720 representing the range of threshold values which could be used in the drop detection 
algorithm, the ptotted line 730 represeiits for each nozzle a peakto peak amplitude of one or more signals correspond- 

^ ing to one or more ink droplets ejected from the nozzle. In an optimum implementation, an objective is to obtain a 
reliable peak to peak reading from a single signal pulse, generated by passage of a single ink droplet ejected from a 
nozzle, so that a reliable print head lest can be obtained from just one ink droplet per nozzle being ejected. Thus, in 
the example nozzle characteristic of Figure 7. ideally the plotted line 730 of the peak to peak signals for a 525 nozzle 
print head woukj be produced by 525 ink droplets (one per nozzle] and 525 corresponding pul$e signals 6 10, each 

^ sampled into 64 quantized samples, However, the signal to noise ratio of the detected signal for a single droplet depends 
upon the volume of the Ink droplet. The larger the ink droplet, the better the signal to norse ratio. To achieve improved 
reliability at the expense of speed of testing, the print head characteristic 730 may be produced by, for each nozzle, 
avemging the peak to peak signal of a plurality of pulses produced by a corresponding plurality of droplets cjcctod 
from the nozzle. In the best mode herein, two pulses per print nozzle are ejected in a test sequence, so for a 525 nozzle 

ss print head, the print head oharacteristic 730 is produced by analysing 1050 ink droplets each of volume 35 picotltors. 
Alternatively, reducing the droplat volume to 11 picorrters. 4 ink droplets per nozzle need to be ejected and detected 
to determine an average peak to peak pulse response signal for each nozzle. Thus, for 11 prcoliter droplets, for a 525 
nozzle array* 2100 Individual ink droplets are ejected in a test sequence, 4 per nozzle* to provide a print head charac- 
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tdristic 730, which is sufficiently separated from the background noisa. in which the peak to peak signal for each nozzle 
is determined from a piur;)lfty of sign;?! pulses produced by ft plurality of ink droplets ejected from the no77le. 
[00581 Preferably, the threshotel value of the peak-to-peak number of counts used to determine whether a nozzle Is 
functioning correctly or not Is 45 A/0 counts. This threshold value is established by using the following constraints: 

s 

1 . The probability of incorrectly detecting a qood drop trom the noise level is less than 0.001 parts per million. To 
achieve this specification the threshold level shouki preferably be set at least six standard deviations above the 
average noise level. This yields a minimum threshold level of approximately 25 A/D counts. 

2. The probability ot incorrectly missing a correctly functioning nozzle is le$$ than one part per million. In order to 
10 achieve this specification the threshold level must lie below the mean peak^o-peak signal level by five standard 

deviations. Thi$ yields a maximum threshold level of approximately 55 A/D counts. 

[005d] Hence, the choice of threshold level of 45 A/D counts lies approximately midway between a maximum and a 
minimum threshold level, where said maximum and minimum values are calculated assuming that both the noise level 
1^ and peak-to-peak counts are normally distributed. 

[0060] Referring to Table 1 there are summarrsGd important parameters according to the best mode described herein. 



Table 1 


Drop Detect Algorithm Parameter 


Value 


Number o1 drops fired per nozzle 


2x35pl/4x11 pt 


Spitting frequency 


12 kHz 


Signal Sampling frequency 


40 kHz 


Total number of samples 


64 


Fly time 


0.2 ms 


Detection threshold 


45 A/D 



[cx)61] Referring to Figure 8 herein there is Illustrated schematically a bkxk diagram ol the steps that occur when a 
printer device receives an instruction signals to prim according to the best mode described herein. It will be appreciated 
that the print head is controlled by a series of signals generated by a print head driver device. The print head drivsr 
device connprises a proceesor and aseociated memory^ operatkig in accordance with a set of algorithms. The algorithm$ 
may be Implemented either as hardware operating in accordance with programmed instructions stored In memory 
locatkans, or as firmware in which the algorithms nray be explwrtly desfgnod into a physical layout of physical compo- 
nents. The process steps are described heroin in a manner which is independent of their particular physfcal implemen- 
tation, and the physical Implcmontaiion of euch process stops will bo understood by those skilled in the art. In stop 
800. the printer device receives an instruction to print a page. In step 806. the printer performs a dtop detection pro- 
cedure which comprises spraying a pre-detemiinod sequence of ink droplets from each nozzle in turn when anempting 
detect the sprayed ink droplets. In step Si 0, the identifying numbers off nozzlee which are found not to function correctly 
during drop detection which are also known as "bad" nozzles are stored in a memory device. In step SIS. H the number 
of bad nozzles is greater than a threshold number then in step 820 the printer device performs an automatic printhead 
inten/entlon. Pertomiing automatic printhead Inien/emlon 820 may comprise increased cleaning of the bad nozzles in 
an attempt to recover them. In addition, step 820 may further comprise steps generating error hiding informatksn by 
which, during a print operation, good nozzles are re-used to epray a predetermined sequence of^ink droplets in the 
place of non-functioning nozzles thereby improving print quality If, In stop 815, the number of bad nozzles is tess than 
a same threshold number then, in step B25, the printer device commences printing. Preferably, said step of performing 
automatic printhead intenrenlion 820 is initiated If, during a last fixed number of drop detections, the number of bad 
nozzles was greater than the threshold level. Preferably, the fixed number of previous drop detections may be 8 16 
or 64, ' 

[0062] Referring to Figure 9 herein, there Is illustrated schematically a block diagram of the steps comprising di^p 
detection step 805. In step 900» a number identifying a current nozzle of the plurality of nozzles of the printhead to be 
tested using drop detection ta set to equal 1. In etep 906 the current nozzla is instnicted 10 spray a pre-determlned 
sequence ot droplets. Preferably, as described herein before, for a printer configurable to produce monotone output 
the pne-detarmined sequence comprisea two dropfets separated in time by a period of 83 ps. Preferably, where the 
printer devteo is configurable to produce cotor output the prendetermined sequence comprises four droplets spaced 
apan by a same duratwn of time of 83 ms. In step 910. there is a delay or 0.2 mJlliseconde which commences from 
substantlaify the same moment of time that a first droplet of the p re-determined sequence of droplets leaves the current 
nozzle. This delay enables the droplets to enter the infra-red light beam exiendtng between emitter housing 460 and 
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receiver housing 450 before measuring the Qutput of the photo diode detector 660. This delay lime is also known as 
"fly" time In step 915 the A/D converter 520 measures ampliried output of photo dbdft detector S60. preferably, 
the A/D converter 520 samples the amplified output of the photo diode detector S60 64 times with a same time duration 
of 25 us between each measurement. This corresponds to a signal sarnpling frequency of 40 l^ilohenz. in step 920. 

s the samples are processed using an algorithm to determine the peak-to-peak counts, whrch are used to discriminate 
between detection and non-detection Of ink droplets sprayed from the current nozzle. Each nozzle receives a drive 
signal causing the nozzle to release a number of ink droplets corresponding to a predetermined volume of ink. preferably 
in the range 30 to 100 picoliiers. The volume of ink is selected such thai either a single ink droplet of at least the 
predetermined volume produces a detector signal having sufficient signal to noise ratk> to reliably determine detectton 

10 of the drop, and/or such that a series of two or more droplets having a combined volume which is at least the prede- 
termined volume result in a series of detected signal pulses which when analyzed together, have a signal to noise ratio 
sofficienl to roliably^detemilne satisfactory operation of the nozzle. It has been found expefimentally as described 
hereinabove in this speclflcdlion. that m the best mode a predetermined volume of around 70 picoliters divided into 
two consecutively refeased droplets is optimum for characterizing a nozzle releasing black ink. and a predetermined 

IS volume of around 44 picoliters contained as 4 consecutively released droplets is optimum for characterizing a nozzle 
releasing coloured ink. of acotour other than black. In step 923, the number identifying the current nozzle is incremented 
by 2. By this means, the nozzle number 1. 3. 5. .... 523 comprising the lirsl row are tested for correct functionality 
according to the best mode presented herein. In step 925, If the number Identifying the current nozzle is less than 524 
than dteps 905 to 925 are repeated tor the next nozzle. In step 940, a the number identify Ing the current nozzle is 524 
then the perform drop detection step 805 is completed. Otherwise, In step 930, the prinlhead 400 is moved so as lo 
ensure that droplets sprayed from the second row of even numbered nozztes passes through the effective detection 
zone of the infra-red light beam. In step 935, the number Identifying the current nozzle is set equal to 2 and steps 905 
to 925 are repeated for the even numbered nozzles comprising the second row of tlie printhead. 
[0063] Referring lo Figure 10 herein, there is illustrated schematically a flow diagram showing in more detail the 

25 steps involved in stop 920 of Figure 9. In step 1005, a minimum count iDvcl sampled by tho A/D converter 520 sampling 
the output of photo dtode 560 is kJentiflsd. In step 1 010, a maximum count laval eorreeponding to the peak output from 
the photo diode detector 560 Is identified. In step 101 5, the peak-to-peak counts are calculated by forming a difference 
between the maximum count level and the minimum count level In the best mode hefein. this processing is performed 
by an Applcation Specific Integrated Circuit (ASIC) operating instruciions stored In a read only memory. 

30 [0064] Referring to Table 2 herein there are summarised the minimum detection times required to check the 524 
nozzles comprising a printhead. The total time required to check pen comprising 524 nozzles within a printer device 
configured to print monotone plots is of the order 2 seconds. Approximately 1 second is required to rrrave the nozzles 
into position with respect to the drop detect unit and a further period of approximately 1 second is required to perform 
drop detection on the 624 nozzles. Similarly, the time required for the improved drop detection n^thod and apparatus 

35 to test the 2096 nozzles corresponding to 4 pens within a printer device configured to produce color plots is of the 
order 5 seconds. This represents a significant improvement over prior art drop detection methdxJs where, typically. 25 
seconds was required to assess SOO nozzles. 



40 



l^le2 



Drop Deleft Throughput 


Seconds 


Monotone Plots (1 pen) 
'"' Color Pk>ts (4 pens) 


2 
5 



45 [006S] Reducing the time required to test the individual nozzles of a plurality of nozzJes comprising a printhead and 
reduces the total time required to test a printhead. A decrease in the time required to test a printhead also corresponds 
to an increase in drop detect throughput. Increased drop detect throughput results in the following improvements: 

• It is possible to perfom^ an increased number of tests of each nozzle of the plurality of nozzles without substantially 
so effecting the total time required to print a page: 

• Increasing the number of tests on each nozzio Improves roliability of tho printhead since this yields a more up to 
date knowledge of the state of the pnntheads; 

• More accurate knowledge of the malfunctioning nozzles improves the operation of error hiding print modes per- 
formed by the printer device. Error hiding print modes operate by deactivating a malfunctbning nozzia and reusing 

Ss a functioning nozzle to print in its place during a print operation; and 

» Increased tests on the functioning of nozzles enables more accurate functioning of » set of san/icing algorithms 
via the printer device. The servicing algorithms are sets of instructions performed before printing a page, during 
printing and after a page has been printed and are designed to maintain correct operation of the nozzles comprising 
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the printhead. Improved servicing of iho nozzlofi results in an increased operating lifetime of the printhead. 

[OOefi] In the following, with reference lo Figure 11 . Ii will be described how a more accurate sen/icing or clearing 
orocess may be implemented, for example in the Inkjet printer 20. ^ ^ , * ... 

5 tOOSTl This procese ailows to adjusts servicing based on the nozzle health information gathered during the last eight 
usable drop detections, and not only in the most recent one (also Identified as "current drop detection"), and allowing 
to show how persistent or Irrecoverable the failures of the nozzles are. It would be clear to the skilled in the art that 
intorniaaon referring to more lhan the last eight drop detections may be stored, up to the ail the drop detections per- 
formed during the complete life of the printhead. In order lo improve the reliability of this process. 

10 [0068] The following definitions will be used to describe the process in greater detail: 

D{h^ohGa(dropt</aiB€tion array): It contains' the lota^number of deledive nozzles found in the lasr usable eight 
drop detection's, in chronological order 

IS Df7] is the tc«ai nozzle defects detected during the laet drop<)etectton 

OlOJ is the total nozzle defects detected eight usable drop detects ago. 

Dscrt (sorted htstori^^tdfop dBtoctfon): it contains the same infomnatlon as D but in increasing order from minimum 
numt>ef of nozzles out found -Osoripj- to the maximum -sorll7h. 
zo ODnth (nth percantHe or D): U points to a value contained in Dsort(nl, This is obtained using reading the Dp value 

in Dsort. In this embodment, the percentile used is 50%. which is obtained by using a Dp=:3. "mus, ODnth contains 
the result of the median drop detection. e)(cluding the higher failure values which are contained in Dsort[4) to Dsort 

Cjp {pofnter index): it Identifies the DDnth percentile in the Dsort vector. Zero means the first one, 7 means the last 
25 one. As already said in this embodiment this value is 3 

DDMap (artsy of the reauft of last drop detection)', this array shows the etatus for each nozzle. A working nozzle 
is a zero, a malfunctioning nozzle is a one. 

For the sake of clarity, a plural lly of DDMap arrays are maintained In memory each one containing the health information 
30 for each of the nozzles during a dlWerent usable drop detection (e.g. as shown In next Table 3) even though in the 
following when the description refere to DDMap it will be ihe DOMap referring to the most recent drop detection. 
Per/MrtAjp {array of the nozzles that have a higher probabiUty of failing during the next plot after the last drop detectiori: 
this array contains, a value of zero for a working nozzle, and a value of one for a nozzle beng detected as permanent 
defective. 

35 PBrm^^ (array of the counters used to track persistency of nozzle health issues after the fast drop detection^ this 
arrays contains the score assigned to each nozzle according to the following rules: 

• WoundNozxIeSeorer. amount by which Uie PermQ^^Q] is incremented every time nozzle[j] check fails at beginning 
of plot or at end of plot. In this embodiment this value is 0. 

^ • DeadNozzieScore. amount by v^^ich the PennscorJil <s incremented every time nozzleffl check falls after perform- 
ing a recovery sen/icing. In this embodiment this value is -^9. 

• LivingNozzleScore. amount by whk:h the P^m^^\ is reduced every time nozzle(j| check Is OK. In this embod- 
iment this value is 20. 

• NozzleKiiiSoofe. when Perm^^^Li] reaches this level, the process considers nozzle[j| to suffer a permanent defect 
<s and set PermMapLl to i . In this embodiment this level is 50. Pernf^oreM w^" "oi go higher and will stay at Atozz/e- 

KiUSCore level if nozzle [j] checks continue to fail. 

• NozzleResurectScore. when Permscoralil reaches this level, the process considers nozzle [Jl as being recovered 
from permanent delecl and set Perrr^^pQ to 0. TTiis embodiment this level is zero. According lo this scheme, a 
nozzle is normally removed from the PemiMap array after being detected as working during 3 subsequent drop 

so detection. This alk)ws to maintain for a longer period flagged as out also an intermittent nozzle. Pemr>sooreliJ will 

not go lower and will stay at NozzfeRosuractScore level If nozzle |]] checks continue to be OK. 

In order to clarify the usage of tho above parameters in the following it is provkiod an example with a pen 
having a printhead with only eight nozzles. 
S3 [0070] At the Initial drop detection PermMap has the following values{1 0000001} while the Permscore array has 
{30 0 0 0 42 15 5 SO}. This means thai nozzles i . and 8 are identified as suffering of a permanem defect. 
{0071] The ne)ct tables 3, 4. 5 show the history of the last eight usable drop detects from the otier drop detection 0 
to the more recent one 7. In the tables drop detectkms 7. 4 and 1 correspond to drop detections performed at the end 
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of printing a plot (EOP); 6. 3. and 0 correspond to drop detoclions perlormed before to slarling to print a plot (BOP), 
while 5 and 2 correspond to drop detections performed atter performtng 3 recovery senricmg (INT). 



TABLE 3 
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TABLE 5 
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[0072] At the end Of me eight usable drop detections the values are: 

[0073] PemiMap = {00001 000). Pdrmg^ = {0 0 0 0 12 0 0 0} and DD5o%=1. At this lime only nozzle 5 is 

so considered pennanenlly defective. 

[0074] With reference to F Igure 1 1 . the servicing process as implemented in one enrit>odjnnent of the present invention 
will be described limited to the servicing of one pen for the sai^e of simplicity. The skilled in the art may appreciate that 
the aame process can b« performed, without substantial modincatlons, on the full sol of pens, by performing some 
steps in parallel on the different pens (e.g. servicing) and some in sequence (e.g. drop detection) or even all in parallel 

2$ or in sequence. 

(007S] The process start at step 1100 when the signal to start printing a plot is sent to the printer 20. At this stage a 
lightweight sen^icing step 1180 Is executed. A lightweight servicing may include eonvsntionally spitting a pradetormined 
number of droplets into the spittoon 1 06. Accordvig to the time the pen rested in the service station capped, an higher 
predetermined number of droplets may be spitted and a conventional wiping step can be also added. At step 1110 a 

30 dfop detection process is performed, as described previously described, on the printhead 400. At test 11 20 it i& verifiod 
if the number of nozzles out of the nth percemile, in this embodiment 50, of the drop detection history is below a 
predetemiined Recovery threshold value, here 2 it the printhead pertains to the black pen or 6 if the printhead pertains 
to the for color pens, or the last drop detection has revealed a current number of nozzles out Is smaller than a prede- 
termined End of Life threshold value, here equal to 5 for black pens and equal to 8 for color pens. If the result of test 

05 1140 Is YES the process pass lO step 1140, wherein the printer prints the plot It the result is NO, the control passes 
to test 1130. In 1130 the nozzles which are present in the DOMapand not in the PennMap are counted and summed 
together. Then if this sum ta smaller than a predetermined Permanent Nozzles Out threshold value the control pass 
again to step 1140. Step 11 30 try to avoid servicing on nozzles that probably will not be recovered by the recovery 
servicing. In fact if ail the nozzles detected as out in the last drop detection were already in the PermMap running a 

40 recovery service would probably just reduce the throughput of the printing, or dartiage other working nozzles and loose 
some ink. 

[0070] If the result of test 1 1 30 Is NOT, the recovery senrlce procedure Is started to try to reccver all the nozzles out. 
This procedure will be described in greater details with reference to Figures 12-14. 

[0G77] After the completion of the recovery procedure another Drop detection Is performed In order to check the 
45 result of the servicing. The value of this drop detect is stored as part of the history of the printhead, as shown before 
and no further servicing activity are now performed. Then step 1140 is executed. When the plot Is completed a new 
drop detection is performed on the printhead at step 1170. immediately after, at step 1190. an end of plot servicing is 
performed on the pen. An end of plot servicing may include ccnvenlionally spitting a predetermined number of droplets 
into the spittoon 108. According to the results of the last drop detection, an higher predetermined number of droplets 
^ may be spitted and a conventional wiping step can be also added. After the servicing the pen is capped at step 11 95 
in the service station until a request for printing a new plot Is sent to the printer, then the process starts again from stsp 
1100. 

[0076] With reference to Figures 12-14. an example of the recovery servicing procedure 1160 is provided. 
[007d] According to this exampie further threshold values have been defined, all the prsdetormined values assigned 
S3 to the various threshold are specific to this embodiment and may vary in accordance to different servicing requirements 
of different embodiments. 

[OOdO] Absolute Threshold for Spitting. Absolute Threshold for Wiping and Absolute ThreshoU;! for Prming relate to 
absolute number of nozzles out in the last drop detection for each rsspectivo printhead, i.e. DOMapQ] contents for each 
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printheads These thresholds are related to the level at which the printhead would start dennonstraling pnni quality 
defects The level is adjusted so that a noisy low level nozzles out will not force an excessively high intervention 
frequency. The value of the Absolute Threshold for Spitting and the Absolute Threshold for Wiping Is set to 1 for aH 
the printheads. while the value o( the Absolute Threshold tor Priming is set to 4 for the color printheads (CMY> and to 
2 for the black printhead. 

[00811 Relative Threshold for Spitting. Relative Threshold for Wipincj and Relative Threshold for Priming compare 
the current nozzlee out. DDMapIjl, to the nozzles which exist In the map of permanent nozzles, PermMapLl. and de- 
termines it the current nozzle out snapshot varies enough from the permanent nozzles lo warrant a recovery This 
threshold is designed to ensure that permanent nozzles are not Iriggerong unnecessary rooovery routines when the 
likelihood that a recovery will not have any effect on the permanent nozzles out Is very high. The values for all the 
relative thresholds and for all the printheads is set to 2. 

[0082] Recufslve Threshold for Spitting and Recursive Threshold for Priming allow detemiination of the recovery 
effectiveness of the previous recovery pass, and it is used to indicate if an additional pass through the same recovery 
pass is likely to recover another significant number of nozzles out. if the recovery efficacy falls bekjw the threshold, it 
is determined that another similar step would not have a beneficial eflect on the printhead state, 
[0083] The thresholds vary for spitting and for priming as can be seen in accordance to Figure 15. where cunre 1510 
refers to prime percentage threshold and curve 1520 refers to spit percentage threshoW. In the graph of figure 15 on 
the X axis reference Is the number of nozzles out before performing a recursive pass, while on the Y axis it is placed 
the threshokJ value in lenns of percentage of nozzles out wh ich must be recovered to trigger a recursive recoveiy pass. 
[0084] The general equation governing these curves 1610, 1520 is: 



Recovery Percentage « A* e 



-a<NO) 



^5 



30 



3B 



40 



45 



SO 



S5 



Where A. B and C are determined by a curve fit through various critical points as shown in Table 6 where NO is the 
number of nozzles out before the recovery pass, in this example, tor splning A = 90. B =: -0.05. Ca 10 and for primlns 
A»75.fr:»-0.11.C=2S. 

TABLE 6 
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Nozzlee Out 
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100 
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100 


16 


SO 


10 


SO 


Infinity 


10 


infinity 


25 



[0085] In this embodiment it is not employed a recursive wiping step, but the skilled in the art may apprecete that, 
stmilariy a further cun/e may be used for defining a Recursive Threshold for Wiping. This value Is set to a constant 0, 
[00^] Maximum Recursive Spitting Cycles Is the maximum number of the same spitting pass that can be sequentially 
performed during a the recovery servicing 1 160. This threshold is set to 3 for aJI the printheads. 
[00187), Maximum Recursive Wiping. Cycles is the maximum nunrtber of the same wipingpass that can he sequentially 
performed during the recovery servicing 1160. This threshold is set to 1 for all the printhoads. 
[0088] Maximum Recursive Priming Cycles Is the maximum nurr^erof the same priming pass that can be sequentially 
perfomied during the recovery servcing 1160. This threshold is set to 2 for all the printheads. 
[0089] htocimum Total Priming Cycles Is the maximum number of priming cycles that can be performed during the 
life of the printhead. This threshold is set to 35 for each color printhead (CMY) and to 50 for the black printhead, 
[0090] Refen-ing now to figure 1 2. the recovery servicing procedure will be described in greater detail in connection 
with a magema pen. it will be apparent for the skilled in tho art how the recovery procedure works with the different pens. 
[0091] At etep 1200 the recovery servicing procedure 1160 starts and vinD bo described assuming tnat tests 1120 
and 1 130 Identified that the magenta pen needs recovery. At pass 1210 It is selected the mdgenta printhead. 
[0092] At pass 1 220 a spit servicing command forces the magenta printhead to spit a predetermined amount of Ink 
into its corresponding spittoon 108. For instance the prtnthaad may fire 1000 drops only from the nozzles out at a 
frequency of 6 kHz and at a temperature of 50 C. (for Cyan pen Is 600 drops at 6kHz and 50C. for Yellow pen is 450 
drops at 6 kHz at 50C, for Black pen is 1500 ai 2kH2 Without pre-warming the printhead), foibwed by spitting 4 drops 
from all the nozzles at 10 kHz and 50C (alt the color pen use the same strategy and the black pen tires 15 dorps at 
10kHz at 50C) A drop dateotion stop is perfomned on tho printhoad at pass 1230 to cheek the result of tho spit pass. 
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Test 1 250 is parformed to verify if the percentage ot recovered nozzles (total number of nozztes out at the current drop 
detection divided \otfi\ number of no>'7les out fit the previous drop detection) is above the Recursive Threshold W^lua 
for tho masenta printhead. If NOT control passes lo test 1 300 al figure 1 3. If the result of test 1250 is YES a subsequent 
test 1260 is executed to verify if the number of spit passes 1220 executed during the current recovery procedure 

5 equal 10 ihe (Maximum Recursive Spitting Cycles threshold for the magenta pen. i.e. 3. 

[0093] Test 1 260 Improves prior art recovery strategies where the recoveries needed to be developed to successfully 
recover the worst case failure of each type. For example. If some failures would require spitting 500 drops per nozzle 
to recover and others would require spitting 1 500 drops per nozzle, the recovery algorithm would have to be sized to 
the higher of the two fevels to cover both cases. The present recovering procedure, by moans of a last nozzle chock 

10 implementation, allows lor nozzle out checking also within the recovery step. Thus the printer is able to size the spitting 
to SOO drops and allow the printer to apply this spitting pass recursively^ only as required, to recover the printhead. The 
result is a recovery strategy which Is much less severe for the printhead but which can have a higher- efficacy as well. 
[0094] Returning to test 1 260 if tho result is YES, the control passes to test 1 300. otherwise control passes to test 
1240. 

f s [0095] Test 1 240 verifies if the number of current nozzles out, DDMap ffl. ar© more that the Absolute Spitting Thresh- 
old for magenta pen, i.e. 1 , AND if the number of cunent nozzles out which are NOT in the array of the permanent 
nozzles out. PermMap[D. is more than the Relative Spintng Threshold lor the magenta pen, i.e. 2. 
[0096] If the result of test 1240 Is "NO" as opposed to nozzles out, the recovery procedure ends at step 1460. oth- 
enwise a new spit pass 1220 is performed again, increasing the number of spit cycles executed in the current recovery 

so i.e. now 1 i- 1 =2, and the flow of slaps is followed as t^efore. 

[0097] Test 1 300 verifies if the number of current nozzles out, ODIVlap Q], are mote than the Absolute Wiping Thresh- 
old for magenta pen. i.e. 1 . AND if the number of current nozzles out which are NOT in the array of the permanent 
nozzles out, PermMapU), is more than the Relative Spitting Threshold for the magenta pen, . le. 2. 
[0O98] If the test 1 300 reiums "NO' the recovery procedure ends at step 1 460. otherwise at pass 1 31 0 a wipe servicing 

25 command forces the magenta printhead to be wiped according to a predGtermined wiping strategy, increasing the 
number of wipe cycles executed In the current racovery procedure, i.e. now 0+1=1. For instance The wiping strategy 
for any cokir printhsads includes spitting 20 drops from all nozzles at 10 kHz and 50C. then perform 2 cycles of bi- 
directional wipe at a speed of 2 ips (Inch per second). Ttien the magenta pen fires 600 drops (Y pen 600 and C pen 
BOO) from all nozzles at 1 0 kHz (Y and C pens the same) and 60 C (Y and C pens at 50C). 

90 [0099] If the pen is black the wipe sen/icing includes spitting 10 drops from all no»les at 10 kHz at 50 C, PEG the 
pen once at a speed of 2 ips and with an hold time of 0 5 sec. Then a wipe from the front to the back of the printhead 
is performed once at 2 ips speed, followed by a cycle of 3 bi-directional wipes at 2 ips. Then all nozzles spit 200 drops 
each at 10 kHz at 50 C. 

[01 00] A final spitting step is then performed: color pens fire 5 drops at 10 kHz at 50 C while a black pen fires 1 5 
3s drops at 10 kHz at 10 C. 

[0101] A drop detection step is perforrriBd on the pnnthead at pass 1 320 to check the result of the wipe pase. Test 
1330 Is performed to verify If the percentage of recovered nozzles (total number ot nozzles out at the current drop 
detection divided total number of nozzles out at the prevk)us drop detection) la above the Recursive Threshold >tilue 
for the magenta printhead. 

^0 [0102] If the result of test 1330 Is •NO'* control passes to test 1400 at figure 14. If the result of test 1330 is 'YES' a 
subsequent test 1 340 Is executed to verify if the number of wipe sen/icing 1 31 0 executed during the current recovery 
procedure is equal to the Maximum Recursive Spitting Cycles threshold for the magenta pen, l.e. 1 . If the result of test 
1 340 is YES. the control passes to test 1400, otherwise control passes to test 1 300. 

[0103] Test 1 400 verifies if the number of cun-ent nozzles out, ODMap [j], are more that the Atisdute Priming Thresh- 
45 old for rnagenta pen, i.e. 4, AND If the number of current nozzles out which are NOT in the array of tne permanent 
nozzles out, PermMapQ], is more than the Relative Priming Threshold for the magenta pen, . le. 2. 
[01 04] If the test 1 400 returns "NO* tho recovery procedure ends at steps 1 460, otherwise a test 1 41 0 verifies if the 
total number of primes executed by the current pen. exceed the Maximum Total Priming Cycles for the magenta pen, 
i.e. 35. H the test return YES the recovery procedure ends at steps 1460, otherwise at pass 1 420 a conventtonal priming 
So servicing command forces the magenta printhead to prime, Increasing the number of priming cycles executed in the 
current recovery procedure, i.e. now 0<t-1=1 , as wen as the total priming cydes. A drop detection step Is periormed on 
the printhead at pass 1430 to check the result of the prime pass. Test 1440 is performed to verify If the percentage of 
rcxjovQrsd nozzles (total number of nozzles out at the current drop detection divided total number of nozzles out at the 
previous drop detection) is above the Recursive Threshold Vfelue for Prime for the magenta printhead. 
[0105] If the result of test 1 440 Is "NO" the recovery procedure ends at steps 1 460. If the result of test 1 440 is YES 
a subsequent test 1 450 is executed to verify if the number of prime servicing 1420 executgd during the current recovery 
procedure is equal to the Maximum Recursive Prime Cycles threshold for the magenta pen. i.e. 2. if the re&uit of test 
1340 is YES. the recovery procedure ends at steps 1460. othenvise control passes to test 1 400 again. 
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[01061 in the foHowing it i. pro.id^ how the recovery procedure may work trying to recover a Magenta pen with 32 



no9'7les out: 



1Q 



SB, 



30 



DO SPIT RECOVERY Magenta 
Drop Detect= = 20 Nozzles Out 
Spit Efficiency = 37.5% 

Recursive Threshold Spit at 32Nozzle5 Out = 28% (Satisfied) 
# Spit Cycles=1 



Max Cycles= 3 (Satisfied) 
Absolute Threshold Spit= 1 (Satisfied) 
Relative Threshold Spit= 2 (Satisfied) 
SPIT RECOVERY Magenta 
Drop Detects 18 Nozzles Out 

SpitEffldency=10% ^ ^ 

^ Recursive Threshold Spit @20NO=43% (Not Satisfied 



Absolute Threshold Wipe= 1 (Satisfied) 
Relative Threshold Wipe= 2 (Satisfied) 
DO WIPE RECOVERY COLOR 
Drop Detect" 20 Nozzles Out 

Wipe Efficiency:= 0% (Actually negative but dips at zero) 

Absolute Threshold Prime- 4 (Satisfied) 
Relative Threshold Prime= 2 (Satisfied) 

# Total Primes= 6 

Max Primes Allowed Magenta^ 35 (Satisfied) 
PRIME RECOVERY Magenta 
Drop Detect= 1 2 Nozzles Out 
Prime Efficiency= 40% 

Recursive Threshold Prime @20NO= 33% (Satisfied) 

# Prime Cycles- 1 

# Max Recursive Prime Cycles= 2 (Satisfied) 
Absolute Threshold Prifne= 4 (Satisfied) 

-«> Relative Threshold Primes 2 (Satisfied) 
. # Total Primes= 7 

Max Primes Allowed Magenta- 35 (Satisfied) 

PRIME RECOVERY Magenta „ _ 
45 Drop Detect= 6 Nozzles Out 

Prime Efficiency^ 50% 

Recursive Threshold Prime @12N0- 45% (Satisfied) 

# Prime Cycles= 2 

„ # Max Recursive Prime Cycles= 2 (Not Satisfied) 

LEAVE RECOVERY ALGORITHM FOR PRINTING 

[01 071 Tho ekillBd in the art may appreciate that the same nozzle health historical information gathered as previously 
described can be reused lor a number of different applications. For instance rt would be possible to use this inlormation 
s$ for detecting the end of life of an off-axis pen or for providing a more reliable error hiding technique. 

[01081 In accOfdflftCfl to a second embodimeni of the invention, the end of lifo of a printhead ie reached when DDnlh 
value will be at least equal or bigger than tha.End ol Life Threshold w^^ich in this embodiment id 5 for a black printhead 
and a for a color printhead 
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rolOSl Alter soma tests the Applicant has ohseived that the result cl a single drop detection step may not provide a 
eal pcture of the trend on the functionality o» a pen. Figure i6 shows how may vary the numbers of no77les o^ 
detected, reporting each drop detection measured, based on the usage of the pen (number of drops I.red). In Figure 
?7 ft is Shown now considering DD3rd as the number of nozzle out detected for each drop detection provjdes a clearer 
Dicture of the variation of the capabilities of the pen. It should also be noted that 0D3rd is increasing and approaching 
the end of Live Threshold after about 50 million drops per nozzle, "me skilled in the art should apprecate how. according 
tofiqure IS. the first lime that the actual number of nozzles out detected is over the End of Life threshold is only after 
1 0 iiiilllon ol drops per nozzles. This is well In advance respect to 50 million drops as registered by the more realistic 

rOIIOl When the printh^ad reaches this level, the prtntof warns the user to replace the oftending pen without stopping 
printing. The pen is pennanently marked also in the Acumen of the pen (using one bh). so moving this pen to a dmereri^ 
Srinter will produce me same result. When the pen is flagged to be at the end oi lite and whenever user s P^nt qaali^ 
demand is 'normal' (not fast or best), printer wiB use a ^tack-up print mode\ which means automatically swtehing to 
a hiaher numbor ot passes to provide better error hiding capability, more necessary tor a pen having an high numl^er 
of falling nozzles. Le to b« replaced (hide) by other nozzles. By doing this, printer will assure ^h^,."'^"^'^"*^^^^^^^^^^ 
print quality in nomial mode by iradingoff productivity (throughput). Prlniar will work ihis way until a nawpen replaces 

roilT ^ dSesn^i replace the end of life pen and It printhead nozzle health keeps degrading, we prot^t the pnnt 
quality delivered by ihe printer by adding a higher end of lite level threshold. TooManyNozzleOuts which is set at 30 
nozzle ouls. Advantageously when DDlh is bigger ihan TooManyNozzleOuis threshold, the printer stops pmt.ng and 
asks the user to replace the pen or to continue. In fact there is a risk now to perform a noneffective error hiding and 
so to cause a waste of costly media « the printing is continued without any warning. Another bit it .s used in the acumen 
to mark this state of the pen. ^ ^ „*^j 

[01121 The above process for deted^g the end of life of e pen will help to resolve a number of problems generated 
23 by the allowing the pen to fire a non predotomiinod quantity of ink. differently from most of the pnor art pons having 
the life fixed with the volume of ink available in the reservoir or in the printhead cartrklge 

[01131 In the DesignJet © 760 C printers an end of life message is presented to the user when at least one nozzles 
results was not successfully recovered by the recovery procedure. This solution presents the folfowing disadvantages: 

Printhead transient problems will count as falluras. An example of this could be a paper crash that produces a 
transient problem but the system Is able to clear the nozzles after some ptots or a few recovery cycles: 
Stepping printing at this point and asking for replacement Is against the unaliendedness and natworkability objec- 
tive of the printer . u . ti: 
In addition, users may not have inrffnediately available a new printhead to replace the falling one. 
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[01141 HP Professional Series 2000C printers produced by Hewlett-Packard Company, of Pato Alto. California use 
the change of printhead thermal charaetortstics to detect when the standpipe fills of air, and thus is approaching end 
of lite But this method takes Into account only the failure mode associated with air in the pen. but not issues related 
to nozzle health, which are usually more generic. To encompass the rest of failure modes, this printer uses also drop 
40 counting for End of Life "detection': when pen has fired a certain number of drops, printer advises user to got a new 
printhead. n4ain drawback of drop counting is that when the printer warns the user, the printhead nr»y be working still 
well and a replacement would not be advisable. 

[01151 With reference to Figure 3 an example of an improved error hkJing technique based on nozzle heallh historical 
information gathered during a numbor of drop detection steps will be described, in accordance to a third embodimeni 
45 of the present invention. 

[0116] In addition to the previous definltkxis already described for maintaining historical health mformaiion on noz- 
zles, the loltowing definitions also will be used In this embodiment. 

[0117] Dnozzi: ihis array contains the results of the last eight drop detections for the ilh nozzle. 

so Dnozzi[7] contains the result of the more recent drop detections 

DnQzzi[0] contains the result of eight usable drop detects ago. 

[Oliai For the sake of clarity DDMap and Dnozzi has been described independently but both contains the same 
information. Each DOmap vector contains the data tor each nozzle according to a single drop detection, while each 
ss Dnozzi contains the data for a single nozzle according to all Ihe usable drop detections. Thus according to the various 
examples system comprising a pon having 524 nozzles which wants to maintain a history of 8 dn>p deteetfons needs 
£24 DnozZitd] vectors and 8 DDMap[524] vaclore 



ia 

GNReceived from < 858 655 5859 > at 1113/03 6:14:03 PM [Eastern Standard Time] 



NOU-03-2003 16 : 08 



HP SftN DIEGO LEGAL 



858 655 5859 P. 044/180 



EP 1 033 251 A1 



b' contains the TacTor for weighting the historical result of the usable drop detection, i.e. a value which allows to 
emph^isise measurements retaied either to more recent drop detections (when b contains bigger values) or to 
older drop detections (if b contains smaller values). 

W: Is a function able to calculate the weight of a given historical drop detection array OnozziJ. 
W Is defined as : 



10 



IS 



20 



W is then normalised to obtain a function w in the [0..1] range which correspond to a distribution of probability. 



[0119] Thus w attempts to predlcl the probability that the ith nozzle would pass the next drop detecton, i.e. would 
fire properly In order to do eo the value of b Is chosen by using its maximum likelihood estimator lor the w distnbutjon. 
[0120] With reference to figures 3A to 3D. it is shown how the value of w changes for one nozzle after every drop 
2S detection, where each figure rotors to the same nozzle history but applying a dHferent values for the basis b. 

[0121] In Figure 3A b la equal to 10 end it Is shown how the more recent 1-2 detection are considerably affecting the 

weight result ^ , u» ^* 

[01221 In figure 3B b is equal to 2, i.e. the weight of the last detection is bigger than the sum of the weight of all the 
previous detection. Thus, a non-working nozzle which has fired only once but during the last drop detect is weight more 
JO than a nozzle which is always firing but has tailed during the last drop detection. Experiments run by tne applicant have 
shown that the second nozzle is more reliable of the first one. 

101 23] In figure 3C b Is equal to 1 .5 in order to take more into account the history of the nozzle. 
101241 In figure 3D b is equal to 1, thus all the drop detection has the same history. 

(0125] For each example the following history for the nozzle has been used, wherein 1 is con^espond to working and 
3S 0 to failing: 

Initial history {1. 1. 1. 1. 1. 1. 1. 1} 

History: 0,1.1,1,1.1.1.1. OAO.O.O.OAO.1.0.1.1. 1.1.0.0.1.1,0,1.1.0.1 
[0126] The values reported on the X axis con'espond to blocks of 8 consecutive historical result starling from the 
initial history {1.1.1.1.1,1,1,1) and permuting the values according to the History up to the more recent block 

40 {1.0.1.1.0.1.1,0). u 
[0127] Extended test run by Applicant have shown that within a preferred range of values for the weight factor b 
included betweeni and 2 all of which are capable of providing a reliable estimation of the probability, that the nozzle 
wai work the next time it Is fired the better values are between 1 .4 and 1 .6. preferably 1 ,5, all of which are capable of 
providing a rnore realistic picture of the status of the nozzle. 

45 [0128] Error hiding problems depends mainly on two error: a) wrong nozzle idenUfication, i.e. the nozzle identified 
as falling Is actually working, so there was non need to replace it; b) wrong nozzle replacement. i.e. the nozzle selected 
for replacement is actually non-working. 

[01 29] In the following will be described a probabilistic technique to determine if d nozzle should be replaced and by 
which other nozzle. 

so [0130] To determine if a nozzle should be replaced, the probability that it will fait the next drop detection is compared 
with a threshoW, In this embodiment the value is 0, The estimation of this probability is obtained by means of the w 
function, i.e. 1 -w would be the probabllity-lo-lail score and this value will be used to identify the nozzle to ba replaced. 
[0131] Usually, error hiding implies a multi-pass printmode. even il there arc techniques for performing ©nxir hiding 
even with one-pass print modes. In the following it will be described how this technique is working with a multipass 

55 printmode and while the skilled in the art may appreciate that the same technique will work using the same principles 
In single-pass prinimodes. 

[0132] The concept of printmodes is e useful and well known technique of laying down In each pass of the pen only 
a fraction of the total in required In each section of the imago, so that any areas left white In each pase are filled In by 
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one Of mors later passes. This tends to control bteod. blocking and cockia by reducing Ihe amount of liquid that is on 
p&g& at any given time. 

[01331 The specific partial-Inking pattern employed in each pass, and the way in whtcii these different patterns add 
up to a single fully inked image is known as a prinimods. For instance a one-pass mode is one in which all dots to be 
s fired on a given row of dots are placed on the medium In one swath of the printhead. and than the print medium Is 
advanced into position for the next swath. 

[01 34] A two-pass mode is a print panem wherein one-half of the dots available in a given row of available dots per 
swath are printed on each pass of the printhead» so two passes are needed to complete the printing for a given row. 
Similarly, a four pass mode is a print pattern wherein one forth of the dots tor a given row are printed on each pass of 

10 the phnthead» so four passes ere needed to complete the printing for a given row. 

(01351 patter used in printing each nozzle section is known as the "printmode mask' or 'printmask' or sometime 
just "maek'^- A printmash fs a^binary pattern that determines exactly which ink drops are printed In a given- pass or. to 
put the same thing in another way. which passes are used to print a each pixel. The printmask is thus used to "mix up' 
the nozzle used, as between passesr in such a way as to reduce undesirable printing artefacts. 

IS [0136] EP application no 9S301 S59.5 describes how to work with a plurality of selected print mask in order to impio- 
mant error hiding in multipass print modes and the same technique may be used also in this case. 
[0137] In the following will be described how to modify the masks for a given print mode in accordance to prob- 
ability that certain nozzles may fail to perform error hiding. 

[0130] For the sake of clarity in the following example the foOowing assumptton will be done: a) printhead have four 
£0 nozzles only . and 2) a four-pass 25% density interfaced printmode are used c) 4 bit masks are used. 

[0139] Table 7 shows the standard print mask for the used printmode. The columns are the four nozzles of the pen 
and the rows aro the four passes of the printmode. In addition, the cells contain a binary number meaning when the 
nozzle will fire for a given pass. The mask chosen are simple: in pass 0 all nozzles fire only every 4th dot. in pass i 
they fire every 3"* dot and so on. 

2S 

Table 7 





NO 


N1 


N2 


N3 


Pass 1 


0001 


0001 


0001 


0001 


Pass 2 


OOlO 


0010 


0O10 


0010 


Pasa3 


0100 


0100 


0100 


010Q 


Pa884 


1000 


1000 


1000 


1000 



^ [01 40] At this point the different en-or hkiing alternatives for this print rno6e shall be considered. Each alternative ts 
a group of 4 element and the ith element of the group is the replacement for the ith pass. Por instance the group {2» 
4. 1 , 3) means that the malfunctioning nozzles of pass 1 are to be replaced by nozzles o1 pass 2, malfunctioning nozzles 
of pass 2 by nozzles of pass 4, malfuncttontng nozzles of paee 3 by nozzles of paee 1 and malfunctioning nozzles of 
pass 4 by nozzles of pass 3. 

^ [0141] Instead of evaluating each poesibJa alternative, the example will consider only two replacement alternatives: 
{2. 3,4. 1} and {3,4,1.2} 

[0142] The estimated probabtlltias (calculated as prevtously described using b=1 .5 and the result of the most recent 
drop detections) for each nozzle to be found working are: N0=:0.4, N1=0.7. N2= 1, N3=i. 

[0143] The technique weights each of the possible altemativee according the algorithm as vmII be ddscra>ed in ac- 
^ cordance with figure 1B. This process will try to select the altemative using the number of nozzles <cmginal or replaced) 
having the bigger probably to work, as a whole. 

[01 44] The proceed start at step 1 800, which for each of the possible replacement alternatives step 1 6 1 0 is repeated. 
[014S] At step IdlO. for each nozzle of the pen tesi 1820. and steps 1830 or 1840 are repeated. Test 1820 verify 
whether the weight of said nozzle is smaller that the weight of the replacement nozzle, i.e. the replacement nozzle 

^ wouM more likely work better of the originally designated nozzle, AND if the replacement nozzle is still available, l.e. 
the replacement nozzle is already in use lor firing as an original nozzle. 
, [0146] If the result of the test is YES the score is increased of the a value equal to Ihe weight of the replaced nozzle 
and the nozzle is conskjered replaced; otherwise the score is Increased ol the a value equal to the weight oi the original 
nozzle. When the iteration 1810 ends score will contain a value corresponding to the quality of the first replacement 

^ alternative, in t©rm« of «um of the probability of working of each nozzle (original or replaced) in this group. 

[0147] Iteration 1S10 will now start again to cakrulate the score of the next replacement atterruttive. and it win be 
repeated until all the repiaoement alternatives are evaluated, ai stop isso the process extract the replacement alier- 
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native with the best score and ends at step 1860 returning the elected replacement alternative io a know error hiding 
process to perTorm the error hiding in accordance with the proposed roplacemeni. 
[01481 If this process is applied on Ihe above example option 1 {2.3.4.1} will score: 

1+1+0.7+1 =3.7 



while option 2 will score 

1+1+1^1^:4 

[01 49] Thus Option 2 Will l>e elected to generate an updated printing masks as fol tow in table 9: 



Table 9 
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NO 


N1 


N2 


N3 


Pass 1 


0000 


0000 


OlOt 


0101 


Pass 2 


0000 


oooo 


1010 


1010 


Pass 3 


0000 


0000 


0101 


0101 


Pass 4 


0000 


0000 


1010 


1010 



[01 SO] The result is that the Lwo nozzles NO and Nl having the higher probability of failing has been correcUy replaced 
by the ones having higher probability of working. 

Clatms 

1. A method of correcting for maltunotioning Ink ejociion elements in a printing system comprising the step of 

(a) obtaining a standard printmask; 

(b) assigning to at least two ink ejection elwrents a probability that each of such at least two ink ejection 
element will work property; 

3S (d) attempting to modify the standard printmask by replacing Ink ejecticn elements having a certain probability 

to work properly with different ink ejectbn elements having a bigger probability to work properly, to create a 
modified printmask. 

2. A method as claimed In claim 1 , wherein the step (b) comprises the steps (d) of performing a drop detection to 
^ check if any of the ink ejection elements are maif unctioning and (0) of storing the result of the more recent drop 

detection operation, together with the results of the prevnus drop detectione to Keep a history of the health status 
of at least a first ink ejecton element, wherein said probability assigned to each of said at least two ink ejection 
elements is based on its corresponding history. 

^ 3, A method ae claimed in claim 2 wherein the probability of an ink ejection elenrwnt to work prc^erly is obtained by 
applying the fottowing formula 



50 ^I)noz:[i]fy' 

uiNozzle) = 

i n 

SS 

b being a weighting faclor Dnozzli] being the content of the history ttor said ink ejection element, as a series 
of hislork»l values representing the health of the ink ojectten element; and n being tho number of historfcal valves 
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to be kept into account for said ink ejection element. 

4. A method as ctai med in daim 3. wherein the welding factor b is selected in a range ol values comprises between 
1 and 2. 

s 

5, A method as claimed in clatfn 4, wherein n is comprised between 15 and 4. 

A method as claimed in ciaim 5, wherein n is equal to 7 and b is comprised between 1 .4 and 1 .6. 

10 7 A method as claimed in ciaim 6 wherein, in the history corresponding to said ink ejection element, it is stored a 1 
when the ink ejection element ie detected as working, and a 0 when the Ink ejection element Is detected as mal- 
functioning. 

a A method as claimed ri any of the previous claims, wherein the step (c) further comprises the step (f) modify the 
IS standard printmask by replacing ink election elements having a certain probabyity to wor1< properly with different 

ink ejection elements having a bigger probabliiiy to work properly, to create a plurality of modified printmask and 
(g) selecting ihe pnntmask having a higher probability score, to replace the standard printmask. 

9. A method as claimed in claim 8. wherein the higher probability score is given by the sum of the scores of all the 
20 ink ejection elements used In the printmask. 
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